Introduction
The Center for Accelerator Mass Spectrometry (CAMS) at the Lawrence Livermore National Laboratory [l] has implemented a variety of improvements to its HVEC Model FN Tandem Electrostatic Accelerator based AMS system in the last several years. Several software tools have been used to support the design of the new beamlines and components, and to carry out performance studies for the improvements [e.g., 2, 3] . One of the new tools used for that work is an enhanced version of the TRACE 3-D program that includes several electrostatic ionbeam optics elements. Einzel lens and electrostatic acceleration column models, which have been described previously [4, 5] , were used for simulating previous beamline and low energy acceleration sections of the AMS system. As a further enhancement, an electrostatic deflector (prism) model has also been developed, and it is described here. The spherical electrostatic analyzer (ESA) option of this model was used in the development of the new low energy ESAsector/Magnetic-sector beamline at CAMS, and the utilization of the model in this developmental work is discussed below.
Electrostatic Deflector Model for TRACE 3-D
The TRACE 3-D program [6] is an envelope code that includes a first order space charge model. The code is a standard program used in the design of radiofrequency (RF) linacs and transport systems for high-current bunched beams. In previous papers, we outlined the use of the program for simulating high-current continuous (DC) beams, and described the development of additional optical elements that model Einzel lenses [4] , DC accelerator columns and gaps [5] , and electrostatic quadrupoles [7] . The previous studies presented the derivation of the optical models from a first principles approach starting with the electric fields of the elements. For the electrostatic deflectors discussed here, we rely on the detailed treatment provided by Wollnik [8] , relating the first order transfer matrices implemented for TRACE 3-D to the work of Wollnik. (1) AMS-8 Abstract Reference Number: NT39
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The non-trivial elements of the R-ma,trix can be expressed in terms of the step size AZ /2, the reference trajectory curvature h=llr,,, the reference trajectory's relativistic energy variable 'y, and two dimensionless parameters p and q:
Rr6=-R5*= {l-WpWz~2)1~ / (p2h) ,
and
The type of deflector under consideration determines the dimensionless parameters p and q. In general, p and q depend upon the reference trajectory's relativistic velocity variable p, and the ratio of the reference trajectory radius to the radius of curvature of the inner electrode, reo/Reo.
The values of p and q for cylindrical (r-JR,, = 0), toroidal (0 < r,JR,, < 1) and spherical kJL = 1) electrostatic prisms are summarized in Table 1 .
( Table 1 In initial tests of the installed ESA, it was found that the ESA did not behave as a lR-1R double-focusing element as expected for a spherical electrostatic deflector, or as modeled by the first-order PowerTrace spherical electrostatic deflector model. Rather, the ESA had a shorter horizontal focal length and longer vertical focal length. Subsequent modeling with PowerTrace and Laplace-equation-based electric field programs showed that the ESA was behaving as a toroidal electrostatic analyzer with a vertical radius of curvature (R,,) greater than 800 mm, and led to the conclusion that the physical design of the ESA was the cause of the "toroidal"
behavior.
As was discussed above, the differential R-matrix model of the electrostatic deflector is based on the first-order transfer matrices presented by Wollnik [S] . Hence, the model results are accurate to the degree that the physical characteristics of the modeled deflector produce electrostatic fields that are consistent with the first-order analysis. In the case of the installed ESA, it is clear that the physical design did not produce electric fields within the ESA that were consistent with those expected for a symmetrical-potential spherical electrostatic analyzer. As was mentioned above, the methods used in developing the PowerTrace Einzel lens and acceleration column models could be used to extend the electrostatic deflector model to allow more accurate modeling of actual physical geometries.
In the case of the installed ESA, detailed SIMION modeling was undertaken within CAMS, with the goals of understanding the design factors which contributed to the "non-spherical" The inner electrode radius is indicated by R,,. For a toroidal deflector R,, # r,,, and for a cylindrical deflector R,, = 00. 
